Summary
As part of the Efficient Separations and Processing Crosscutting Program, the Pacific Northwest National Laboratory(a) conducted this study to demonstrate the efficiency of several ion-exchange materials in removing strontium-90 from actual groundwater from the Hanford N-Springs Pump and Treat Demonstration Facility. The objective of this experiment was to determine the strontium-loading distribution coefficients (Kds) for some titanate ion-exchange materials, modified minerals, and organic ion-exchange resins
The equilibrium uptake data presented in this report are useful for identifying potential materials that are capable of removing strontium from N-Area groundwaters. The data show the relative selectivities of the ion-exchange materials under similar operating conditions, and show that additional flow studies are needed to predict materials capacities and to develop complete ion-exchange process flow sheets.
The materials investigated in this study include commercially available ion exchangers such as IONSIV IE-911 (manufactured by UOP) and SuperLig@644@) (IBC Advanced Technologies, Inc.), and materials produced on an experimental basis by Allied Signal (nonatitanates), Selion Inc. (titanates), and Pennsylvania State University (modified mica). In all, the performance of seven different ion-exchange materials was evaluated using actual N-Area groundwater. The evaluation consisted of the determining strontium batch distribution coefficients, loading, and decontamination factors. Tests were performed at two different solution-to-exchanger mass ratios (Le., phase ratios) of 2000 and 4000 using actual N-Area groundwater samples from three different wells. Actual N-Area groundwater used in the present study was obtained from three monitoring wells in FY 1998. These samples were taken fiorn wells with strontium-90 concentrations ranging from 0.25 to 3.9 pC&.
The PennsyIvania State University modified mica and the IONSIV IE-9 1 1 exhibited the best performance by removing over 95% of the strontium at both phase ratios. The results of the remaining titanate materials were all within an order of magnitude of the IONSIV IE-9 1 1 and the Pennsylvania State University modified mica. Therefore, a cost-benefit comparison is necessary to determine which material would be the best for strontium removal from groundwater. ... 
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.O Introduction
Under the Efficient Separations and Processing Crosscutting Program, the Pacific Northwest National Laboratory (PNNL)Q conducts experimental ion-exchange studies to evaluate newly emerging materials (Bray, Carson, and Elovich 1990; Bray, Carson, and Elovich 1993; Brown et ai. 1995a; Brown et al. 1996a ) and technologies for removing cesium, strontium, cobalt, technetium, and transuranic elements from simulated and actual wastes at Hanford. Previous work (Bray et al. 1984; Brown et al. 1995b; Brown, Bray, and Elovich 1995) focused on applications to treat high-level alkaline tank wastes, but many of the technologies can also be applied in process and groundwater remediation (Brown et al. 1996b; Herbst et al. 1995) . Ultimately, each process must be evaluated in terms of life-cycle costs, removal efficiency, process chemical consumption and recycle, stability of materials exposed to chemicals and radiation, compatibility with other process streams, secondary waste generation, process and maintenance costs, and final material disposal.
.I Background
Hanford's 100-N Area N-Springs well water (from wells 199-N-75,199-N-103A, and 199-N-106A) is known to be contaminated with traces of radioactive strontium-90 and tritium. Other radionuclides and organic and inorganic species have been detected, but generally exist at levels below federal drinking water standards (Dirkes 1990; Hartman and Lindsey 1993) . Strontium-90 levels vary between 1000 and 2000 pCi/L, depending upon the water table level. Tritium concentrations are normally about 60,000 pC&. In addition, the groundwater contains high concentrations of nonradioactive strontium (0.23 ppm), calcium (45 ppm), and magnesium (9 ppm), the presence of which frustrates efforts to remediate the strontium-90 using ion-exchange technologies. The major anionic component of the groundwater is carbonate.
'
The N-Springs Pump and Treat Demonstration Facility currently processes groundwater from the 100-N Area wells at 50 gallons per minute (gpm) using conventional ion-exchange technology. The present system consists of four columns, each capable of holding 65 f? of a natural zeolite, clinoptilotite.
Normally, three columns are connected in series. The fourth column is held offline for disposal and installation of the spent exchanger. The system is typically operated continuously at 50 gpm for 2 weeks, and then the lead column is removed from service. The column previously held in reserve is then placed in service at the end or trailing position, and solution processing is continued. Strontium is removed by the ion exchanger to levels below federal drinking water standards of 0.040 pCi/L. However, the process generates a large amount of solid radioactive waste. Bechtel Hanford, Inc. operators and engineers are searching for methods to improve the process and reduce the amount of secondary waste. 
Task Objectives
The purpose of this task was to assess the performance of several ion exchangers, including a newly identified mica, for removing trace quantities of strontium from actual H d o r d N-Springs groundwater. The experimental objective was to determine the relative effectiveness of various ion-exchange materials, including a newly developed modified mica material (PSU modified mica) from the laboratory of Dr.
Sridhar Komarneni at Pennsylvania State University (Komameni, Pidugu, and Amonette 1998), to remove strontium.
Experimental Approach
The removal of strontium from actual N-Area groundwater was determined using the water fiom three different wells in two separate tests. The first test was with performed using a liquid-to-solid ratio of 2000, while the second test was performed on a selected number of ion exchangers using a liquid-tosolid ratio of 4000. The water used was collected on 7/9/98 between 08: 18 and 08:53 from wells 199-N-75,199-N-103A, and 199-N-106A. The raw data are presented in Appendix A.
Test Parameters
The analyses of the groundwater samples are shown in Table 2 .1. The samples were analyzed by inductively coupled plasmdmass spectometry (ICP/MS) and for strontium-90 activity. The results are ng/mL (ppb) and pCi/mL Prior to contacting the solutions with the solids, each of the solutions was spiked with strontium-85 so that the contacts could be tracked by gamma counting. As stated earlier, the two tests were run using different liquid-to-solid ratios. The reason for using the two different ratios was because the materials were so efficient at removing strontium, the final (i.e., equilibrium) strontium concentrations were very low. To increase the final concentrations, a higher solution ratio test was performed. Because of the limited amount of sample, only those ion-exchange 2.1 materials that showed a high-removal capacity were tested using the higher liquid-to-solid ratio. The PSU modified mica was not available when the low liquid-to-solid ratio test was performed, so it was only tested at the high liquid-to-solid ratio.
Ion-Exchange
Material Table 2 .2 shows the ion-exchange materials that were used for testing. For the 2000 liquid-to-solid ratio test, duplicate 0.0500-gram samples of each ion exchanger were added to a 125-mL high-density polyethylene bottle for each of the groundwater samples (see Table 2 .1). One hundred milliliters of the strontium-85 spiked groundwater were then added to each bottle, and the bottles were placed in a shaker table for 72 hours. The samples were then filtered through a 0.20-pm filter and counted by gamma counting.
Sample
IdentifiLiquidSolid cation
Ratio Manufacturer For the 4000 liquid-to-solid ratio test, duplicate 0.0500-gram samples of each ion exchanger were added to a 250-mL high-density polyethylene bottle for each of the groundwater samples (see Table 2 .1). Two hundred milliliters of the spike groundwater were then added to each bottle, and the bottles were placed in a shaker table for 72 hours. The samples were then filtered through a 0.20-pm filter and counted by gamma counting.
2.2
Ion Exchange Distribution and Decontamination Factor
The batch K,-J (Kd = [SrlW~d / [Sr]li,~d) is an equilibrium measure of the overall ability of the solid phase ion-exchange material to remove an ion from solution under the particular experimental conditions that exist during the contact. In most batch & tests, a known quantity of ion-exchange material is placed in contact with a known volume of solution containing the ions of interest (in this case, strontium). The material is allowed to contact the solution for a sufficient time to achieve equilibrium at a constant temperature, after which the solid ion-exchange material and liquid supernate are separated and analyzed.
The equation for determining the & can be simplified by determining the concentration of the analyte before and after contact, and calculating the quantity of analyte on the ion exchanger by the difference (Equation 2.1) where Ci = initial amount or activity of the ion of interest in the feed solution prior to contact Cf = amount or activity after contact V = solutionvolume M = exchangermass F = mass of dry ion exchanger divided by the mass of wet ion exchanger (F-factor) . 
Experimental Results
In this study, only radioactive strontium, rather than total strontium, was measured both before and after contact. This does not effect the & or the DF results, but it will affect the calculation of loading of the ion exchangers. Since the actual loading of strontium onto these materials is of interest, the loading of all the strontium was calculated for each experiment. Tables 3.1 
Discussion
The strontium batch &s for this testing are shown in Figures 4.1,4 .2, and 4.3. Since the final (i.e., equilibrium) strontium concentration for each of these tests is well below the values for the groundwater, these results are mainly useful in determining the relative effectiveness of each of the ion exchangers. Figure 4 .1 shows the results for the 199-N-103A well water. This sample had the lowest strontium-90 concentration but the highest total strontium concentration. For the test with the lower liquid-to-solid ratio (the first six columns), the crystalline silico-titanate (IONSIV IE-9 1 1) had the best strontium removal, but the PSU modified mica material was not available for that test. The last three columns represent the higher liquid-to-solid ratio test. In this test, the PSU modified mica gave the best removal.
For the low liquid-to-solid test, the IONSIV IE-911 removed approximately 97% of the strontium from the groundwater. In the higher liquid-to-solid test, the IONSIV IE-911 removed about 75% of the strontium while the PSU modified mica removed 93% of the strontium. 
Conclusions
This report evaluates the strontium removal efficiency for seven different ion-exchange materials including inorganic titanate materials (IONSIV IE-9 1 I, sodium nonatitanate, and Sr-Treat); modified minerals (TIE-96 and PSU modified mica); and regenerable organic resins (R-F Resin and SuperLigO 644). All of the materials tested here are commercially available except for the PSU modified mica provided by Dr. Komarneni at Pennsylvania State University. Because of the low concentrations of strontium in the groundwater samples and the extent of removal of strontium, these results should only be used to relate the relative efficiency of these materials for the removal of strontium from N-Area groundwater.
For the removal of strontium, the PSU modified mica showed the best strontium removal. The crystalline silico-titanate (IONSIV IE-911) was the second best in strontium removal. The PSU modified mica had approximately five times the efficiency of removing strontium from this groundwater as the IONSIV IE-911. The remaining materials had one third or less of the removal efficiency of IONSIV IE-911. The titanate materials (including the TIE-96) all have similar removal capacities while the organic resins are one to two orders of magnitude less efficient than the inorganic materials.
While the PSU modified mica is the best at removing strontium, the physical form of the material is different. All of the commercially available materials are in a form that can be used in an ion-exchange column. The PSU modified mica is an experimental material in powdered form. The powdered form gives the material a higher surface area, and it does not have a binder to take up part of the volume.
Although the binder would reduce the effective capacity of the PSU modified mica by as much as 40% to 60%, it would still have a higher strontium removal capacity. Another advantage of the PSU modified mica is that it is made from a cheap, readily available mineral. The high removal capacity of the PSU modified mica would makes it a candidate for additional studies for the removal of strontium from groundwater. The economics of making this material into an engineered form suitable for use in ion-exchange columns should be determined so that its cost may be compared to the other ion-exchange materials.
When considering all of the materials, the ability to regenerate the organic resins must be taken into consideration. In high-level waste applications, the stability of the materials can be an important factor, but the radiation field in the removal of strontium from N-Area groundwater is relatively low, and ion-exchange material stability will not be a factor. Because of the relatively low radiation field, the regenerable resins are good candidates. If the number of cycles that these resins can be used is relatively high, then the overall cost of using them may be low enough to make #em a reasonable alternative.
Before an informed judgement can be made of the relative cost of the regenerable resins compared to the one-pass inorganic materials, additional tests must be performed to determine the lifetime of the resins. 
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